This study examines factor input price effects on productivity in the railroad industry. Past research examining productivity trends in this industry limit their analysis to the effect of non-factor input prices. This study contributes to the literature by considering the effect of input prices on railroad productivity. Such an analysis significant in part because of the importance of fuel prices and wages as drivers of cost in this industry. Findings suggest that price effects are not the main source of changes in productivity. However, among the price effects, the price of material and price of way and structures show larger and significant magnitudes in explaining the sources of changes in productivity compared to other prices. Interestingly, price of labor and price of fuel are the input prices that contribute the least to changes in unit cost.
INTRODUCTION
A substantial amount of research examines railroad productivity growth following passage of the Staggers Rail Act of 1980 (See for instance, Bereskin 1996; Berndt et al. 1993; Bitzan & Keeler 2003; Bitzan & Peoples 2014; Martland 1997 Martland , 2010 Shi, Lim & Chi 2011; Wilson 1997 ). Most of the findings from past research suggest that following regulatory reform the railroad industry experienced improvement in productivity (Bereskin 1996; Bitzan & Keeler 2003; Vellturo et al. 1992) . In this more competitive post deregulation environment understanding factors contributing to enhanced productivity is important, in part to identify sources of cost savings as well as identifying factors contributing to higher costs. Past research by Bitzan and Peoples (2014) examines the influence of changes in density, firm size, movement characteristics and technical change on the Class-1 railroad productivity growth.
Density and technical change are found to be the main contributors for the changes in the productivity growth. The density factor contributed to a 47 percent reduction in average cost for the 1983 to 2008 observation period and technical change contributes to an almost 56 percent reduction in average cost for the 1983 to 2008 observation period. While these findings provide new information on the determinants of productivity changes in the railroad industry, the effect of factor input price are not directly tested in their research. However, the examination of input price effects is significant when decomposing the factors influencing productivity growth, in part, because of their direct effect on the ray of average cost. Standard economic theory suggest decreases in input prices lowers the ray of average cost and, increases in input prices raises the ray of average cost (Wilson & Zhou 1997) . The dramatic change in collective bargaining settlements following regulatory reform and the volatility of fuel prices underscore the importance of examining input price effects when examining determinants of productivity growth.
Factor input prices that are commonly examined in most research on railroad costs are the price of labor, price of equipment, price of fuel, price of material and price of way and structure. Past research of productivity growth in the US railroad industry estimates a cost function using a translog specification to obtain information on factor input prices. When using this estimation approach factor price coefficients represent the factor input share of total cost. Recent research by Bitzan and Keeler (2003) that uses this approach find that labor accounts for 34.86 percent of total cost, followed by ways and structure at 25.36 percent, materials at 18.6 percent, equipment at 14.62 percent and fuel at 6.57 percent 1 . These results provide some insight on the importance of input price changes as determinants of productivity in the railroad industry, when noting that changes in average costs depict changes in productivity. Evidence of non-trivial changes in input prices in the railroad industry reported by Waters and William (2007) suggest the importance of examining the productivity effect of input price changes in this industry. Therefore, at issue is whether changes in input prices significantly affect costs. A priori, it is not obvious that cost would change appreciably with changes in input prices. For instance, increase in fuel prices might not contribute significantly to higher total cost due to the introduction of fuel efficient locomotives which lowers fuel consumption, all else equal.
Incorporating the empirical approach used by Wilson and Zhou (1997) to decompose productivity effects in telecommunications, this study isolates the effect of changes in factor price, scale, and investment in technology on productivity growth in the US railroad industry. Past research by Bitzan and Peoples (2014) is the only other study to decompose productivity effects for this industry. However, they use the empirical approach developed by Gollop and Roberts (1981) , which differs slightly from the approach used in this study. Their approach does not allow for analysis of the productivity effect of input prices. This study's approach does allow for analysis of factor input price effect on productivity gains and therefore, contributes to existing railroad literature by focusing on the significance of input price effects on railroad productivity. The factor price effects consist of labor price, equipment price, fuel price, material price and way and structures price. The price effect for each input on the ray of average cost is directly examined. This study uses information derived from estimating the translog cost specification used by Bitzan and Peoples (2014) to examine railroad costs. The findings from the translog estimation are used to calculate cost elasticities which is used to capture the price effect on productivity. Results from this study enable us to compare decomposition results using a different technique developed by Gollop and Roberts (1981) . Since Gollop and Roberts' (1981) approach does not allow for the isolation of price effects, using the approach used by Wilson and Zhou (1997) reveals distortions in productivity effects arising from confounding the effects of factor input prices. This paper consists of six sections. The preceding section provides reviews on research that examine production gains in the railroad industry. This follows with section that comprises the presentation of conceptual framework. Then, the next section represents the empirical approach used and followed by explanation on the results in examining the factors that affect productivity growth in the railroad industry. The last section elaborates on the concluding remarks.
LITERATURE REVIEW
Passage of the Staggers act created a business environment that promotes productivity gains in the railroad industry. The growth in railroad productivity is a result, in part, of flexible regulatory rules such as the freedom to set rates and abandon unprofitable lines. Berndt et al. (1993) mentioned that these freedoms in rate setting, abandonment of profitable lines and mergers act as catalysts opening the door for the railroad carriers to reduce cost and increase revenue. They examine the contribution of deregulation and stepped-up merger activity to cost savings for the Class-1 railroads from 1974 to 1986. Their findings suggest that by 1986, 91 percent of the cost savings was attributable to deregulation and the 9 percent was attributable to mergers and acquisition.
Another paper by Wilson (1997) examined empirically the effects of deregulation on costs and productivity growth in railroad industry. He finds that "pricing innovations" for factor inputs in the nonregulated period promotes cost savings. Examples of the pricing innovations mentioned are contract rates and multi-car rates. The direct and indirect effects of deregulation on cost are the difference between the cost under partially 2 deregulated setting the cost under regulated setting. Wilson further examined the effect of deregulation on productivity gains adapting Caves, Christensen and Swanson (1981) approach. Caves et al. (1981) uses two types of productivity measures, the rate when all inputs can be decreased over time with outputs held fixed and the rate when all outputs can grow over time with inputs held fixed. The productivity measure used by Wilson (1997) is the yearly percentage change in costs. He suggested from the findings that deregulation has caused a "dramatic downward shift" of the cost function where by 1989, the cost reduction reached 44 percent. Productivity rose with an average of six to seven percent decrease in costs. More recent study by Martland (2012) suggests that productivity in railroad industry is not mainly due to the passage of Staggers Act but through the development in information technology, new labor agreements and improved management, which has little to do with deregulation. Research finding by Mayo and Sappington (2016) also points that Staggers Act does not completely eliminate the regulations in railroad industry but does indeed greatly contribute to productivity.
Another crucial aspect regarding railroad productivity gains is the components of the productivity growth. Decomposing productivity gains and analyzing the magnitude and significance for each source is important. According to Tolliver, Bitzan and Benson (2010) railroad productivity may be improved through higher net load, increases in train size, longer hauls which the latter can be achieved by mergers and consolidation. Shi, Lim and Chi (2011) examine the decomposition of productivity growth of Class-1 railroad companies individually rather than using industry averages. The sources for changes in productivity are technical efficiency change, technical change and scale efficiency change. The data covers the period between 2002 and 2007. Sequential data envelopment analysis is used and Malmquist productivity indexes are calculated using sequential frontiers 3 . The decomposition method used in that study distinguishes the cause for changes in productivity. Results suggest that Chessie Seaboard (CSX), Norfolk Southern (NS) and Kansas City Southern (KCS) seemed to be the least efficient railroad carriers. Burlington Northern and Santa Fe (BNSF) and Union Pacific (UP) productivity growth are found to be primarily determined by technological advancement. Technological advancement in CSX and NS productivity growth are not evident.
Research by Bitzan and Peoples (2014) also identifies the underlying sources of productivity gains and cost savings in the railroad industry. The main sources of productivity gains considered are scale/density, firm size, movement characteristics and technological changes. Contrast to Shi et al. (2011) , their analysis is based on the estimation of a long-run cost function. They specify the cost function such that total cost is dependent on factor input prices (price of labor, price of fuel, price of equipment, price of materials and supplies and price of way and structures), revenue ton-miles (density), technological characteristics and time variable (technical change). The technological characteristics consist of route miles (firm size), average length of haul (movement characteristic), percent of tons originated, loss/damage expense per ton-mile and speed. A system of seemingly unrelated equations is estimated and the decomposition of productivity gains developed by Gollop and Roberts (1981) is attained by estimating the reduction in average costs while holding factor prices constant. The results suggest that over the 15 year observation period, average cost savings is reduced by 47 percent due to density, reduced by nine percent due to movement characteristics and reduced by almost 56 percent due to changes in technical changes. Average cost increased around 23 percent due to increase in route miles. Overall for the observation years 1983 to 2008, the results suggest in total, around 90 percent of productivity growth is due to factors chosen in that study.
While the model of decomposing productivity growth in previous railroad studies does not consider input price effects directly, these studies do examine the contribution of input price effects on productivity growth by interpreting information gleaned from the interaction variables between time and input prices (Bitzan & Peoples 2014) . Their results from estimating a translog cost function showed a negative sign for time input price interaction labor and equipment and positive sign for time input price interaction for fuel, material and way and structures. These findings suggest that in the sample period, the unexplained technological advancement are labor saving, equipment saving, fuel using, material using, and way and structure using. For instance, over time an increase in labor price, or equipment price, or way and structure price increases the usage of technology that use less labor, or less equipment, or more way and structure. Evidence of such technology-factor input effects on costs is depicted by the elimination of caboose which is labor saving (Bitzan & Keeler 2003) , double-stack cars which is equipment saving (Schwarz-Miller & Talley 2002) and improvement of tracks for higher capacity cars which are way and structure using (Schwarz-Miller & Talley 2002) . In other words, an increase in input price that creates an incentive for investing in input-saving technologies decreases cost whereas increases in input prices that lead to input-using technologies increases cost. Realizing the importance of input price effect as one of the sources affecting the changes in productivity gain, this study adopts the approach by Wilson and Zhou (1997) that decomposes explicitly the price effects and the non-price effects when examining the telecommunication industry. This study contributes to literature by applying Wilson and Zhou's approach to the railroad industry.
THEORETICAL FRAMEWORK
In order to develop a framework for empirically testing the effects of changes of factor input prices on cost, the analysis for one output setting is firstly considered. The "economic environment" of an industry can be influenced by various factors such as technological advancement, market conditions, government regulations and also changes in the factor input prices (Freeman et al. 1987 ). An increase in factor input price can be initially thought as a cost past-through to customers, where any changes in factor input is transferred to customer in order to maintain the same profit margin. However, what only matters is the change in relative factor input prices. In the long run, changes in relative factor input prices stimulate changes in the "relative input utilization" (Freeman et al. 1987) .
A change in an input price affects the firms in two ways; through the substitution effect and scale effect. The substitution effect measures the change in the combination of inputs used with output held constant whereas the scale effect measures the change in output produced with input price held constant. Suppose there is an increase in price of labor. There will be a reduction in the usage of input (labor) that experiences a price increase (wage) and an increase in the usage of substitute input (non-labor). The magnitude of the substitution effect depends on the level of substitutability between the two inputs. However, the effect of a change in the price of labor is not purely substitution. Scale effects suggests that an increase in an input price will reduce the scale of operation. As wages increases, the production cost and the output price will also increase. Less output will be demanded which then reduces the amount of production and therefore reduce the inputs usage. At the optimal factor input combination, the fi rm experiences a reduction in output with lower labor usage and lower non-labor usage. At this new production level, there will be a shift in the isocost curve. The shift magnitude may be infl uenced by the marginal productivity of the input that experiences the price change (labor). If marginal productivity increases with the increase in its price, average cost should not increase substantially. For example, paying labor a higher wage may promote greater productivity and eventually offset the effect of increase in wage. Freeman et al. (1987) highlight that the relationship between changes in factor prices and its cost share is not straight forward. Input substitution, "productivityenhancing technological change" and combined changes in cost share of other inputs are the three elements that are considered when examining the relationship. Similar to declining average cost for single product, the concept of ray average cost can be used to analyze the effect of changes in factor prices in a multi-product setting. Baumol, Panzar and Willing (1988) defi ne ray average cost 4 as:
where RAC represents ray average cost, y 0 represents the unit bundle for a specifi c mixture of outputs and t represents the number of outputs in the bundle. In other words, a bundle of outputs is chosen arbitrarily as a reference point where its quantity is assigned with the value of unity. From here, this reference point is used to measure the size of the composite commodity by a fi xed proportion analysis. According to Baumol et al. (1988) , the ray average cost is declining when "a small proportional change in output leads to a less than proportional change in total cost". The graphical presentation of the ray average cost is further illustrated in the following Figure 1 . The ray average cost and total cost intersect at unit output level y°. The ray average cost is minimum at output level y m . At this point, the total cost curve is tangent to ray OT in the hyper plane of ray OR. Ray OR depicts the composite commodity. The cost behavior for the ray average cost is "analytically equivalent" to the cost behavior in a single product setting (Baumol et al. 1988 ). This is shown in Figure 1 where the ray average curve is U-shaped which represents the composite commodity.
Examining factors that contribute to a reduction in average cost over time is similar to examining the sources of productivity growth. A general construct for productivity measurement is the index number procedures. Oum, Waters and Yu (1999) discussed the index number procedures and one of the categories is total factor productivity 5 . The total factor productivity index is defi ned as "the ratio of a total (aggregate) output quantity index to a total (aggregate) input quantity index" (pp. 16). Oum et al. (1999) further emphasizes the requirement to decompose total factor productivity index in several components. They argue that changes in "operating environments" and scale economies may mislead any inferences made on productive effi ciency. Two procedures are discussed by Oum et al. (1999) in decomposing total factor productivity. The fi rst procedure is a formula derived by Denny et al. (1981) and the second procedure is by using regression techniques. In their paper, Denny et al. (1981) examine the sources of changes in the unit production costs for Bell Canada for the years 1952-1976. The cost function is differentiated with respect to time, and the expression of changes in the unit production cost is shown as the following: where X are inputs, Q are outputs, T are technical change indicators.
(3)
where ε CQ j is the cost elasticity with respect to Q j ε CT k is the cost elasticity with respect to T k
The left hand side of the equation depicts the change in the unit production costs. The first term in right hand side represents the effect of change in factor prices, the second term represents the scale effect and the third term represents the technical change effect. The task of decomposing productivity growth into various sources can be accomplished when using the translog specification when estimating cost. Past research on rail productivity using results derived from estimating the translog specification of the cost function presents mixed findings. These finding may differ extensively due to estimation procedure, sample period and therefore comparisons among research may not be reliable (Oum et al., 1999) . For example, Bitzan and Peoples (2014) find the total productivity gains is estimated at an average of 3.6 percent yearly for the period 1983-2008. Whereas Bereskin (1996) finds the average rate of productivity growth is 1.62 percent yearly for the period 1983-1993.
The objective of this study is to provide some insight on the influence of input prices as one of the sources of productivity growth in railroad industry. Productivity growth is related to reduction in unit cost of production. In a multi-output setting, this is equivalent to examine the sources of reduction in the ray average cost. Earlier in this section, a change in the relative input price is shown to induce substitution effect and scale effect. In essence, the magnitude of the impact of input price change to average cost is influenced by the marginal productivity of the input. If the marginal productivity of the factor input increases as its price increases, the changes in average cost due to price changes may not be substantial. The most recent research on decomposition of productivity growth in the transportation industry is done by Bitzan and Peoples (2014) . However in their paper, the decomposition of productivity growth does not include factor input price effects. Therefore, examining the sources of productivity growths in the railroad industry with explicit contribution of factor input price effect is a natural extension to previous work presented in railroad productivity literature. This paper follows the method used by Wilson and Zhou (1997) where input price effect is considered as one of components affecting the changes in ray average cost.
EMPIRICAL APPROACH AND DATA
This study examines the decomposition of productivity gains in the railroad industry considering price effects as one of the factors. Other factors taken into account are scale and technical change. As discussed before, there are various approaches used to decompose the effects of determinants on productivity gains. Duality theory that links the production function and cost function is applied in this study where a cost function is firstly estimated and later used in decomposing the productivity gains. Transcendental logarithmic (translog) is the specific functional form of cost function applied in this study. The specification cost function is adapted from Bitzan and Keeler (2003) and shown in the following equation:
where C is the total cost. The symbol w i denotes a vector of input cost such that w L is the labor price, w E is the equipment price, w F is the fuel price, w M is the material and supplies price, w WS is the way and structures price. The symbol y k denotes a vector of railroad output such that y U is the adjusted unit train gross ton miles, y W is the adjusted way train gross ton miles, y T is the adjusted through train gross ton miles. The symbol a m denotes a vector of railroad movement characteristics such that a miles is the miles of road, a speed is the train miles per train hour, a haul is the average length of haul, a caboose is the fraction of train miles operated with caboose 6 and t represent time trend capturing the technological change. The above cost function is then specified using second order Taylor approximation around the mean. The expansion is simplified by taking the natural logarithms on both sides of the equations and replacing partial derivative with parameters shown in the following equation:
where the symbol α i denotes the set of estimated coefficients on the factor input price variables and represent labor's share of total cost, equipment's share of total cost, fuel's share of total cost, material's share of total cost and ways and structure's share of total cost respectively. In addition β k depicts the effect of economies of scale on the employment of factor inputs and σ m denotes the set of estimated coefficients on the movement characteristics variables. The symbol ∂ i depicts the effect of unexplained technological change on the employment of factor inputs. The remaining parameter estimates capture the interaction of all of the variables presented in cost equation (6). By applying Shephard's Lemma, the input share equations are obtained shown in the following equation.
This system of equations (the cost function and input share functions) is estimated within a seemingly unrelated system 7 . One of the input share equations is left out to avoid perfect collinearity. Linear homogeneity with respect to factor input prices is imposed where holding output constants, any proportional increase in all factor input prices raises the cost by the same proportion. The homogeneity and symmetry restrictions on the parameters require that Σ i α i = 1, Σ i α ij = Σ j α ij = 0, Σ i α ik = Σ i τ ik = Σ i γ i = 0, α ij = α ji . The estimation of the system of equation, which gives the values of cost elasticity enables to further adapt the approach by Wilson and Zhou (1997) in decomposing productivity gains.
Assuming cost minimizing behavior, the cost function in equation (6) is differentiated with respect to time. Dividing both sides with total cost and applying Sheppard's Lemma, the rate of change in the minimum cost function is given in the following equation (Wilson and Zhou 1997) :
The cost share of factor input i-th is given as
The cost elasticity with respect to output is given as
The cost elasticity with respect to technological characteristics is
Therefore, equation (16) can be written as:
Furthermore, the rate of change in the weighted product mix is represented as
This equation then replaces the second term in equation (16) and therefore,
Subtracting equation (17) ) is shown in the following equation
represents movement characteristics effects and τ represents the unexplained technological change. Wilson and Zhou (1997) mentioned that the factor price effect may be negative or positive depending on its effect on the ray average cost. The scale effect also may be negative or positive. The sign for coefficient estimates on movement characteristics may be negative or positive but the sign for the coefficient estimates on technological change is expected to be negative on the ray average cost. The empirical analysis of allocative efficiency in the US railroad industry is achieved, in part, by using data from Class I Annual Reports (R-I reports) from 1983 to 2008. Information on class I rail carriers total cost, price of factor inputs, outputs and movement are taken from these reports. Input prices are provided for labor, fuel, equipment materials and way and structures. Output levels are provided for unit train, way train and through train freight service. Movement characteristics include miles of road hauled, average train speed, average length of haul and percentage of train miles using a caboose. On average, the largest mean share of factor input cost is attributable to labor. Labor cost represents more than one-third of the factor input cost. This cost value is followed by way and structure 8 expense accounting for 27.8 percent of total cost, purchases of materials accounting for 22.7 percent, and investment in equipment accounting for 11.28 percent. Fuel accounts for the smallest mean share of factor input cost at slightly more than 7 percent. Such low fuel cost is consistent with the industry's movement toward increased use of fuel efficient locomotives. Freeman et al. (1987) highlighted that changes in any cost share is not only attributable to its own price and quantity, but also other input prices and quantities. However, with nearly two-third of the input cost is attributable to labor and way and structure, any increase in these input prices could have non-trivial cost effects.
RESULT
The results derived when estimating equation (10) are presented in Table 1 . The emphasis of this study is to examine the productivity results calculated using the parameter estimates in Table 1 . Before presenting the productivity results a brief presentation of the estimated coefficients on the first order terms and key second order terms is provided. The estimated coefficients on the factor inputs suggests labor and way and structures constitute the largest share in input costs, while fuel constitutes the smallest share of input costs. The estimated coefficients on the first order terms for railroad output suggest economies of scale in the industry since the sum of these coefficients total less than one. The estimated coefficients on the first order terms for movement characteristics reveal that only miles of road served contributes significantly to cost.
The key second order terms for factor input analysis are the estimated coefficients on the time-factor input price interactions is discussed. These estimates are analyzed to specify whether unexplained technology change is input saving or input using. Findings of a negative estimated coefficient on the interaction terms between time and labor and between time and equipment suggest that technology is labor saving and equipment saving. Whereas the interaction term between time and fuel, between time and materials and between time and way and structures suggest technology is fuel using, materials using and way and structures using. Findings for the estimated coefficient on these interaction terms are consistent with findings from railroad cost research by Bitzan and Peoples (2014) and Bitzan and Keeler (2003) .
Contents in Table 2 depict the results of decomposing productivity growth into price effects and non-price effects. From 1983 to 2008, the unit cost has changed in total by 22.09 percent. The component that most affects productivity growth is the scale effect, followed by changes in miles of road, input prices and unexplained technology. Summary results presented in the second to last row of Table 2 suggest the factor input prices are associated with an increase in average cost (decrease in productivity). However, the magnitude of the average annual factor input price effect on productivity is relatively small. Indeed, productivity decline due to changing input prices declines less than a half of a percent annually for three out of five factor inputs. Only price changes of materials and way structures contribute to a decrease in annual productivity growth exceeding a half of a percent. For instance, annual changes in the price of way and structures reduce productivity by an annual average of 0.97 percent. Changes in the price of materials reduce productivity by an average of 0.8 percent annually. In contrast, changes in the price of equipment are found to reduce productivity by only 0.5 percent annually. The smallest productivity effect occurs from changes in labor and fuel prices. For the non-price effects, the results suggest that scale effects are apparently the dominant factor contributes to the unit cost changes. Scale effects have reduced the ray average cost by an average of 6.29 percent and have become the major source of changes. The yearly findings for average length of haul, speed and caboose suggest that these variables have a relatively small productivity effect. The average length of haul is expected to have negative relationship with cost. When Note: ***, **, * significant at 1, 5 and 10 percent respectively. the average length of haul is longer, the fixed costs are likely to spread over more miles and therefore reduce the cost (Wilson 1997 ). On the other hand, results in Table 2 suggest in total the changes in average length of haul increase the ray average cost by 18.43 percent with an average of 0.74 percent. It is important to note that the annual rate of change for average length of haul is not necessarily positive. The annual rate of change is positive consistently between the year 2001 and 2007. Similarly, the speed and caboose are predicted to have positive relationship with cost. As the train increases the speed, the more cost incurs and as more caboose are used in train operation, the more cost needed to operate. Results in Table 2 suggest that in total, speed decreases ray average cost by 1.43 percent with an average of 0.06 percent and caboose decreases ray average cost by almost 2 percent in total with an average of 0.08 percent. For some years speed experience positive annual rate of change but some are negative. However, the annual rate of change for the usage of caboose is negative except for a very few years. Therefore, result for caboose is expected since with lesser fraction of train operated by caboose every year, the lesser the cost will be. However, these three technological and movement characteristics are initially found not statistically significant in the translog estimation results. Changes in miles of road is the second pronounced source affecting the changes in ray average cost. In total, miles of road have increased the unit cost by almost 108 percent. Miles of road is expected to increase cost since it is associated with firm size or as a degree of network size (Bitzan & Peoples 2014) . Furthermore, since 1983, changes in unobserved technology affects the change in ray average cost by 57.14 percent with an average of approximately 2.29 percent yearly. This technological effect, which is proxied by time trend, is consistently decreasing the unit cost every year.
CONCLUDING REMARKS
A substantial amount of research has examined productivity growth in the US railroad industry following passage of the 1980 Staggers Act. This literature includes research that decomposes productivity growth by determinants of cost. Recent research on decomposition of productivity growth by Bitzan and Peoples (2014) adopts Gollop and Roberts (1981) approach for their analysis. In their paper, the annual rate productivity growth is decomposed into density, firm size, movement characteristics and technical change. Technological advancement generally is believed as the most important factor in reducing the ray average cost. However, factor price effect should not be excluded in discussing the sources of changes in ray average cost. Grifell-Tatjé and Lovell (2000) highlight an important benefit decomposing productivity is it acts as an industry cost benchmark for the producers. It also gives an insight on the sources that contribute to cost variation that are within managerial control. Moreover Grifell-Tatjé and Lovell (2000, p:29) mention the analysis on input price effect are useful when "long term contracts with relatively efficient suppliers are under management control". Therefore, following the approach used by Wilson and Zhou (1997) , this study highlights the price effects as one of the sources in productivity gains.
Findings from this study reveal the magnitude as well as the direction of the sources of productivity effects. A negative (positive) sign indicates the source that contributes to productivity growth (loss). The nonprice determinants include scale effect, miles of road, average length of haul, speed, caboose and unexplained technological effect. In total within the sample period, four of them contribute to productivity growth; scale, speed, caboose and unexplained technology with the largest source of changes in productivity gains comes scale effects. In total, the scale effect contributes around 157 percent with a yearly average of 6.29 percent to the changes in ray average cost, followed by unexplained technology by 57.1 percent with a yearly average of 2.29 percent. The other two non-price sources; miles of road and average length of haul contributes to productivity loss. In total, miles of road increases the ray average cost by approximately 107 percent with an average of 4.30 percent and average length of haul by 18.43 percent with an average of 0.74 percent. From the overall productivity change attributable to nonprice determinants, Table 2 suggests two factors; scale and miles of road, contribute in a large magnitude to the changes of the ray average cost. The unobserved technological change is also found to be consistently reducing the ray average cost every year. In other words, a continual investment in technology is still expected to boost productivity growth in the railroad industry.
Furthermore, Table 2 depicts factor input price contribution in cost variation. In total, changes in the factor input price increase the ray average cost by almost 70 percent with a yearly average of approximately 3 percent. The average price effect for each factor input is not the same. Among the price effects, the price of way and structures and the price of material show larger and significant magnitudes in explaining the sources of changes in unit cost compared to other prices. On average, the changes in price of way and structure contributes to a 0.97 percent decline in productivity growth. This is followed by the changes in price of material with an average of 0.8 percent. The changes in price of labor, price of equipment and price of fuel contributes on average of less than 0.5 percent in productivity loss. Interestingly, the changes in price of labor and price of fuel are the factor input prices that contribute the least to changes in unit cost. These input price effect on productivity is consistent with the notion that high marginal productivity of labor 9 and fuel contribute to relatively low increases in average cost due to increases in labor and fuel prices. In examining productivity growth, the inclusion of price effects highlights several significant revelations on the determinants of such growth in the railroad industry. For instance, while labor's share of total cost is nontrivial, findings suggest that fairly stagnant changes in real wages have helped carriers to avoid relatively large productivity losses 10 . Input price findings also reveal that despite increasingly higher fuel prices for the 2003-2008 sample observation period, the productivity loss was relatively small. Changes in the price of equipment, price of material and price of way and structure resemble the pattern of increasing fuel prices for the period 2003-2008. Yet, unlike productivity trends for fuel, productivity trends for these inputs suggest relatively large declines in productivity compared to losses due to changes in labor and fuel prices for the 2003-2008 observation period. Such productivity losses may be attributable to a business environment that requires huge expenditure and investment in infrastructure, especially compared to the trucking industry. For instance, railroad companies generally need to set-up their own building structures and lay their own tracks whilst trucking industry use roads that are constructed by the government. At the same time, the expense of renewal and maintenance of track ties and locomotives ties is proportional to traffic volume as mentioned by Martland (2010) . Nonetheless findings from this study suggest that annual productivity loss due to changes in these prices have been limited to an average of less than one percent for the entire observation period. An explanation for such constrained productivity loss is offered by Duke, Litz and Usher (1992) who highlight the contribution of technology improvement to the construction and maintenance of rail infrastructure. For example, advancement in rail and yard design, computerized and automatic system in operation and highly mechanized equipment have eventually increased the efficiency and productivity of equipment, material and way and structure.
In sum, findings from this study underscore the importance of including factor prices in the decomposition exercise in part because doing so reveals the key role these cost determinants play in rail companies' ability to attain rates of productivity growth that allow them to compete with low cost competitors in the trucking industry. Notable among these findings is uncovering evidence suggesting that it is the price of materials and way and structures, not wages and fuel prices that are the main input price impediments to productivity growth. Policy implications derived from these results should focus on addressing the relatively high unit cost of materials and way and structures. Government subsidization of infrastructure is an example of such policy. Indeed, the returns from such an investment would contribute to economic growth by lowering the cost of shipping freight by rail. ENDNOTES 1 The cost function specification follows Bitzan and Keeler (2003) , however, it is estimated using information from a population sample that includes more years of information. This study covers the period between 1983 and 2008 whereas Bitzan and Keeler's (2003) sample population covers years 1983 -1997. 2 The Staggers Rail Act is considered as partially deregulation. All regulatory rules were not totally terminated for this industry. 3 Data envelopment analysis (DEA) is a non-parametric estimation approach that examines technical efficiency. It does not rely on any production or cost function, therefore does not need to specify any functional form. A linear programming is conducted and sample data representing firms are observed whether it lies on a production frontier. Sample points that lie on the production frontier depict efficient firms (Oum et al. 1999 ). The Malmquist productivity index is a measurement of productivity change over time and is calculated based on distance functions. 4 Baumol et al. (1988) are referring to the average cost of the composite goods. 5 The two other categories are partial factor productivities and data envelopment analysis method (Oum et al., 1999) 6 Bitzan and Keeler (2003) (2003) explains the term of way and structure. Railway structures encompass a wide array of construction intended to support the track itself or house railway operations. Common examples of track carrying structures are bridges, trestles, viaducts, culverts, scales, inspection pits, unloading pits and similar construction. Examples of common ancillary structures are drainage structures, retaining walls, tunnels, snow sheds, repair shops, loading docks, fueling facilities, towers, catenary frames and the like. (p. 320) 9 High labor productivity is mainly due to "technological and institutional innovation" (Martland, 2012) . 10 The productivity loss comports with Martland (2010) findings that suggest the increasing fuel price is "more than offset all the fuel economy gains" for the period 1995-2004. Prior to 1995, he finds net benefit for the rail industry due to the combination of decreasing fuel price and fuel efficiency.
